Introduction
============

Bladder cancer is the second most common malignant urogenital tumor.[@b1-ppa-10-2181] Open radical cystectomy is the gold standard of treatment for patients with muscle-invasive bladder cancer. Radical cystectomy includes radical surgery on the urinary tract and lymph nodes. For creation of urinary diversion for the conduit, the surgeon takes about 20 cm of intestine/bowel; for neobladder the surgeon needs to take 60 cm of bowel/intestine on order to create the new bladder. So for each surgery a different amount of intestine is needed to create the new urinary diversion. Even though radical cystectomy and UD represent well-established open surgical approaches, they are still associated with significant perioperative morbidity (49%--68%) and notable perioperative mortality rates (1.5%--6.9%).[@b2-ppa-10-2181]--[@b6-ppa-10-2181]

Numerous studies have demonstrated an inverse relationship between surgeon volume and postoperative mortality for radical cystectomy.[@b7-ppa-10-2181]--[@b11-ppa-10-2181] Currently, limited data exists showing the impact of hospital volume on the morbidity of radical cystectomy,[@b10-ppa-10-2181] even though postoperative complications are potentially responsible for a substantially large portion of the burden of bladder cancer patients.

Information about key performance markers like complications are also important factors for patients for treatment decision making and selection of the proper institution, especially for an extensive surgery like cystectomy.[@b12-ppa-10-2181]

However, surgical expertise and focus, and thus the quality of surgery in a department, are prone to changes, especially through transition of leading authority.

For the first time, this study directly and objectively compares and analyses all early (30 days or less) complications after open radical cystectomy and UD in a university hospital before and after transition from medium-to high-volume centers because of a change of surgical focus. Our hypothesis is that this change of surgical focus leads to higher quality and thus lower complication rates.

Materials and methods
=====================

From January 1989 until December 2013, 404 patients underwent open radical cystectomy at the Department of Urology, Goethe-University Hospital Frankfurt am Main, Germany. Two time periods were defined based on a change of chairmanship in the department in April 2010. The type of UD performed in each period was determined by patient--surgeon consultation. Orthotopic diversion is always considered the gold standard and was applied when contraindications were ruled out.[@b13-ppa-10-2181]

The patient data was retrospectively evaluated using the hospital information system Orbis (Agfa Healthcare, Bonn, Germany). Patient medical records, including inpatient notes, hospital discharge letters, outpatient notes and letters, hospital readmission records, and personal communications were extracted out of the Orbis database and all inpatient and post-discharge complications were recorded. All complications within 30 days of surgery were considered related to the radical cystectomy procedure and graded by three independent reviewers according to the 2004 Clavien--Dindo grading system ([Table 1](#t1-ppa-10-2181){ref-type="table"}). The reviewers were blinded to all patient demographics, operative variables, and type of UD performed. Any discrepancies in grading caused reevaluation of the medical record until a consensus in grading was reached. The investigation was approved by the Human Research Ethics Committee, University of Frankfurt, Germany (Project 19/14). Information about the study purpose was conveyed to the patients by letter and written consent was obtained to use anonymous data for research purposes.

Statistical analysis was performed using the statistical program BiAS 10.04. (BiAS for Windows, EPSiLON-Verlag, Frankfurt am Main, Germany) Kruskal--Wallis test, chi-square contingency table, and chi-square test were used for statistical correlation analysis. Multivariable logistic regression analysis, including influencing factors like age, sex, type of UD, and tumor stage were performed to identify variables significantly associated with the presence and severity of complications. *P*-values of \<0.05 were considered significant.

Results
=======

After statistical evaluation of the university hospital database, period A, which included 281 patients with radical open cystectomy from January 1989 to March 2010 (average 13.4/year), was identified as the medium-volume period. The time period B with 123 operated patients from April 2010 until December 2013 (average 35.1/year) was identified as the high-volume period.[@b10-ppa-10-2181] The total average number of cystectomies from 1989 to 2013 was 16.8 (high-volume per definition[@b10-ppa-10-2181]). The two periods were comparable in terms of sex distribution ([Table 2](#t2-ppa-10-2181){ref-type="table"}). According to epidemiological data of bladder carcinoma, the majority of patients were males in both periods (A vs B; 81% vs 75%). The mean age of the patients at the time of surgery was comparable with 66 years (range 34--86 years) in period A and 67.5 years (range 30--88 years) in period B. However, when defining a cutoff age of 70 years, a significantly larger proportion of younger patients (\<70 years) was allocated in period A (*P*=0.010). The Eastern Cooperative Oncology Group (ECOG) score and the ratio between organ-confined and locally advanced disease demonstrated the higher complexity of cases in period B. Significantly more patients with ECOG score \>2 underwent surgery in period B (37.7% vs 20.2% in period A) (*P*=0.001). Furthermore, a distinctly higher percentage of patients with locally advanced disease was evident in period B (50.5% vs 44% in period A) (*P*=0.301). A distinctly higher percentage of positive lymph node patients were noticeable in period B (34.3% vs 27.9% in period A) (*P*=0.168) ([Table 2](#t2-ppa-10-2181){ref-type="table"}).

The higher comorbidity rates in cohort B results in a significantly higher use of incontinent diversions (*P*=0.025). Continent diversion (continent cutaneous diversions and orthotopic neobladder) was performed in 37% (104 of 281) of cases in period A and 27% (32 of 123) of cases in period B. Ileal conduit was performed in 54.8% (154 of 281) of patients in period A and 69% (85 of 123) in period B. Alternative diversions were performed (ureterocutaneostomy, transureterostomy, percutaneous nephrostomy, etc) in 8.6% (23 of 281) in period A and 4% (six of 123) in period B ([Table 2](#t2-ppa-10-2181){ref-type="table"}).

A total number of 21 surgeons performed radical cystectomies in time period A. Five surgeons were documented in period B. The mean amount of radical cystectomies performed by each surgeon was 13.4 (range 1--39) in period A and 24.6 (range 4--53) in period B.

There were no reported intraoperative deaths in both time periods.

Overall, 86.1% (242 of 281) of patients suffered one or more early complication in period A and 58% (71 of 123) in period B ([Table 1](#t1-ppa-10-2181){ref-type="table"}) (*P*\<0.001). Altogether, 670 complications were documented in period A (range 1--7) and 150 complications in period B (range 1--7). A mean of 2.76 (standard deviation ±1.55) complications in period A and 2.14 (standard deviation ±1.32) in period B per patient was noticeable (*P*=0.024).

In period A, 45.9% (111 of 242) of patients revealed one complication and 21.1% (51 of 242) of patients had two complications ([Table 1](#t1-ppa-10-2181){ref-type="table"}). The majority of patients in period B (39.4% \[28 of 71\]) suffered from one complication. Thirty-one percent (22 of 71) of cases had two complications ([Table 1](#t1-ppa-10-2181){ref-type="table"}).

The distribution of complications in periods A and B is listed in [Table 1](#t1-ppa-10-2181){ref-type="table"}. Median estimated blood loss was 1,100 mL (range 300--4,000 mL) in period A and 800 mL in period B (range 400--2,500 mL) (*P*\<0.001). Blood transfusion rate in period A was 71.5% (n=200) and 32% (n=40) in period B (*P*\<0.001).

To note, grade 2 complication includes blood transfusion. There are patients who are grouped into grade 2 complication exclusively only because of a low-volume of blood transfusion (1--2 red blood cell concentrate). Rates are n=12 (11.5% of grade 2) for period B and n=15 (48% of grade 2) for period A.

Statistical analysis shows a significant difference in severity of complications between periods A and B in total (*P*\<0.001 \[[Table 2](#t2-ppa-10-2181){ref-type="table"}\]). When placing patients into categories, significantly more complications in period A were also seen concerning sex (male, *P*\<0.001; female, *P*=0.003), age (\<70, *P*\<0.001; \>70, *P*\<0.001), ECOG performance status (0, *P*=0.022; 1, *P*=0.016; ≥2, *P*=0.041), tumor stage (organ confined, *P*\<0.001; extravesical, *P*\<0.006), and UD (ileal conduit, *P*\<0.001; continent diversion, *P*\<0.001) ([Table 2](#t2-ppa-10-2181){ref-type="table"}).

We created a subgroup in period A in order to compare the most recent and technically advanced time period (2005 until 2010) of period A with B. In subgroup A, we see 1.8% of patients with no complications and an almost equal distribution of low- (50%) and high-grade (48.2%) complications ([Table 1](#t1-ppa-10-2181){ref-type="table"}). Only the ECOG distribution shows significant differences (*P*=0.012) in comparison to period B, but the categorical comparison presents significant variation of complications in nearly every category except stage Nx (*P*=0.06) ([Table 2](#t2-ppa-10-2181){ref-type="table"}).

An intraperiodical analysis revealed a statistical relationship between both type of UDs (*P*=0.002), ECOG performance status (*P*=0.024), and age (*P*=0.008) to complication score in period A. Whereas no significant relationship was detected for sex (*P*=0.801) and tumor stage (*P*=0.711) in period A. In period B, on the other hand, generally no statistical relationship was detected concerning UD (*P*=0.987), tumor stage (*P*=0.440), age (*P*=0.539), ECOG performance status (*P*=0.672), and sex (*P*=0.268) ([Table 3](#t3-ppa-10-2181){ref-type="table"}).

On multivariable analyses, age (*P*=0.037), ECOG performance status (*P*=0.034), and type of UD (*P*=0.022) maintained an association with the presence of complications in period A. No particular association with complications could be detected in period B regarding age, sex, ECOG performance status, type of UD, and tumor stage. When joining the two periods together for multivariable analysis, the type of UD (*P*=0.038), ECOG performance status (*P*=0.033), age (*P*=0.042), and the time period (period A/B) (*P*\<001) showed a significant association with the presence of complications.

Discussion
==========

Radical cystectomy and UD is the most complex standardized surgical procedure in the field of urology.[@b14-ppa-10-2181] Accurate reporting of postoperative complications is important for exact patient counseling, combined modality treatment planning, clinical trial design, assessment of surgical success, and perioperative patient education.[@b14-ppa-10-2181] The surgical morbidity after radical cystectomy varies in different studies from 20% to 64%.[@b3-ppa-10-2181],[@b15-ppa-10-2181]--[@b20-ppa-10-2181]

For a long time, these complications were not uniformly graded. Estimated blood loss, operative time, perioperative deaths, readmission rates, reoperation rates, or intensive care stays were defined in different studies as an endpoint.[@b15-ppa-10-2181] Consequently, it was difficult to compare the data of these studies. But when using the Clavien--Dindo classification, a validated, strict, and straightforward grading guideline, the data can be compared and rated.[@b2-ppa-10-2181],[@b4-ppa-10-2181]

So far, no study has directly compared the different periods of surgical expertise and case volumes in the same hospital. In the mentioned setting, the structural, social, and demographic circumstances remained the same and only became subject to the changing times. But at the Department of Urology of Goethe University Hospital, Frankfurt, Germany, the surgical focus of a urological academic center has changed under a new chairman, now with an emphasis on oncology and pelvic surgery. Thus, the center changed from a medium cystectomy volume center to a high cystectomy volume center. The main difference in our study after evaluation of our data was that, period A could be considered to be a medium-volume period and period B could be considered a high-volume period.[@b10-ppa-10-2181]

Of course, over time, the surgical techniques as well as the perioperative conditions have been optimized, but over the last decade there were no major changes in the technique of performing open surgery.[@b21-ppa-10-2181],[@b22-ppa-10-2181] The initial pioneering work in radical cystectomy may be a reason why the quality of the period A stands worse in comparison to period B. It has been proven that the implementation of any new urological surgical method requires a learning curve.[@b23-ppa-10-2181] However, after standardization and refinement of technique, this usually results in a plateau phase with stable results on an international expert-derived competency level with higher amount of patients with no complications,[@b24-ppa-10-2181] which was not the case here, especially as the number of cases remained at a medium-volume level. Also the analysis of the most recent years of period A did not show improvement in the amount and severity of the complications. Paradoxically, this subperiod even showed the highest amount of high-grade complications.

Period B, however, showed concerning quantity and quality characteristics of a high-volume hospital, with complication rates comparable to those of other international high-volume hospitals. The high-volume period B showed significantly better rates in every examined subcategory like age, sex, ECOG performance status, tumor stage, and UD. These parameters have been identified as independent predictors of severity of complications in other high-volume settings.[@b4-ppa-10-2181]

Previous studies have compared cystectomy in different hospitals with the Clavien--Dindo grading of complications. Here, differences especially between low- and high-volume hospitals in the total number and the severity of complications were evident.[@b25-ppa-10-2181]

Remarkable in our cohort was the total blood transfusion rate of 71.5% in period A and 32% in period B. Other studies have already shown great discrepancy in total transfusion rates after cystectomy from 30%[@b26-ppa-10-2181] to 69%;[@b27-ppa-10-2181] a striking fact that is represented by the high incidence of grade 2 complications, which is also defined through the supportive postoperative blood transfusion. We saw up to 48% of grade 2 complications in period A and 11.5% of grade 2 complication in period B only due to blood transfusion. Obviously, in this low-grade section, we also observed the most significant differences between periods A and B complications, assuming a shift from no to low complication, especially in period A. But frankly, period A has a significantly higher estimated blood loss. Thus, in this case, the high transfusion rate can not only be biased through the action of the assisting anesthesia department, who often manage the short postoperative phase and have their own changing transfusion policies,[@b28-ppa-10-2181] but can be considered a complication resulting from the higher estimated blood loss.

The Clavien system for classifying surgical complications was originally designed for hepatobiliary surgery and has subsequently been validated in a general surgery population.[@b29-ppa-10-2181] This grading system has been modified by the Memorial Sloan Kettering Cancer Center for the radical cystectomy procedure, which defines the type, incidence, and severity of early postoperative morbidities after radical cystectomy using ten critical reporting elements.[@b4-ppa-10-2181] In our opinion, especially the low-grade complications need some alteration and further customization to open radical cystectomy because the current classification tends to overinterpret the complications. Minor grade 1 complications, like opening of a previously placed gastrostomy tube or a temporary placement of a nasogastric tube, represent essential marginal invasive interventions, which also may be essential to guarantee a further normal postoperative course, just like application of antiemetics, antipyretics, and diuretics. These procedures can hardly be considered complications and should be relativized because usually they do not further affect the quality of life.

Otherwise, through the alleged overestimation of complications, the patient might be misled and guided to alternative, but only potentially curing methods, like radiotherapy, who report complications respectively toxicity in only 4.7%--29%.[@b30-ppa-10-2181]--[@b32-ppa-10-2181] This is much less than stated in radical cystectomy complication evaluation studies (49%--68%).[@b2-ppa-10-2181]--[@b6-ppa-10-2181]

As our data suggests, in any case, it is of crucial importance to disclose key performance markers, like surgical volume of the center together with its rate of surgical complications, to provide information for the patient's decision making for the optimal therapy option. But physicians and patients should be aware that these key performance markers are naturally subject to change bidirectionally, even in the same hospital, for example, like in our case, due to increased expertise through change of chairmanship.

The vast majority of surgical patients clearly want to get adequate preoperative education about their illness and the planned treatment along with the possible complications affecting the oncological outcome and the quality of life.

In general, the relationship between physicians and patients has undergone important changes, and the current emancipation of patients should lead to a real, open, truthful, and even partnership in medical decision making.[@b33-ppa-10-2181]

Conclusion
==========

This is the first study to directly compare complications after radical cystectomy using the Clavien--Dindo classification in two time periods with different surgical focus, and thus volume, in one hospital. Surgical expertise in a department is prone to changes, especially through transition of leading authority. Categorization shows that patients should prefer having a radical cystectomy performed in a center of excellence or high-volume hospital. Surgical expertise and volume information must be accessible to the referring physicians and patients for the sake of perioperative patient education and decision making.
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###### 

Highest grade complication per patient to Clavien--Dindo classification in the two time periods (A/B) and the subperiod A

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  CDC score           Definition                                                                                                                                                                                                                   1989--2010 (%)   Subgroup:\       2010--2013 (%)
                                                                                                                                                                                                                                                                    2005--2010 (%)   
  ------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------- ---------------- ----------------
  0                   No complication observed                                                                                                                                                                                                     39 (13.9)        2 (1.8)          52 (42)

  1                   Any deviation from normal postoperative course without need for pharmacological treatment (allowed regimens include antiemetics, antipyretics, analgesics, diuretics, electrolytes, physiotherapy, and bedside wound care)   39 (13.9)        17 (15.5)        4 (3)

  2                   Requiring pharmacological treatment with drugs other than those allowed for grade 1 complications (blood transfusions total parenteral nutrition also included)                                                              104 (37)         38 (34.5)        31 (25)

  3a                  Requiring surgical, endoscopic, or radiological intervention with pt not under general anesthesia                                                                                                                            20 (7)           18 (16.2)        20 (17)

  3b                  Same as 3a but requiring general anesthesia                                                                                                                                                                                  64 (22.8)        28 (25.5)        6 (5)

  4a                  Life-threatening complication requiring intensive care unit management, single organ dysfunction                                                                                                                             11 (4)           6 (5.5)          3 (2.5)

  4b                  Same as 4a but involving multiorgan dysfunction                                                                                                                                                                              1 (0.4)          0                4 (3)

  5                   Death of pt                                                                                                                                                                                                                  3 (1)            1 (1)            3 (2.5)

  Low grade (1--2)                                                                                                                                                                                                                                 143 (50.9)       55 (50)          35 (28)

  High grade (3--5)                                                                                                                                                                                                                                99 (35.2)        53 (48.2)        36 (30)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** One patient can have multiple complications. In this table only the highest and thus most severe complication is documented. Period A, patients who underwent a radical open cystectomy from January 1989 to March 2010; Period B, patients who underwent a radical open cystectomy from April 2010 until December 2013.

**Abbreviations:** CDC, Clavien--Dindo classification; pt, patient.

###### 

Basic demographics and operative characteristics in the two time periods (A/B) and the subperiod of A with correlation to the Clavien--Dindo score

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Operative characteristics   1989--2010\   2010--2013\   Period A vs period B\   CDC score 1989--2010 vs 2010--2013\   Subgroup\    2010--2013\   Subgroup vs period B\   CDC score 2005--2010 vs 2010--2013\
                              (period A)    (period B)    (*P*-value)             (*P*-value)                           2005--2010   (period B)    (*P*-value)             (*P*-value)
  --------------------------- ------------- ------------- ----------------------- ------------------------------------- ------------ ------------- ----------------------- -------------------------------------
  N                           281           123                                                                         110          123                                   

  Sex                                                                                                                                                                      

   Male                       228 (81%)     93 (75%)                              \<0.001                               88 (80%)     93 (75%)                              0.002

   Female                     53 (19%)      30 (25%)                              0.003                                 22 (20%)     30 (25%)                              0.001

  Age                                                     0.010                                                                                    0.892                   

   \<70 years                 189 (67%)     66 (54%)                              \<0.001                               60 (54.5%)   66 (54%)                              \<0.001

   \>70 years                 93 (33%)      57 (46%)                              \<0.001                               50 (45.5%)   57 (46%)                              \<0.001

  ECOG                                                    0.001                                                                                    0.012                   

   0                          65 (23.3%)    28 (22.7%)                            0.022                                 21 (19%)     28 (22.7%)                            0.031

   1                          159 (56.5%)   51 (41.6%)                            0.016                                 66 (60%)     51 (41.6%)                            0.024

   ≥2                         57 (20.2%)    44 (35.7%)                            0.041                                 23 (21%)     44 (35.7%)                            0.035

  No clinical T stage                                     0.301                                                                                    0.633                   

   Organ-confined             155 (56%)     61 (49.5%)                            \<0.001                               58 (52.7%)   61 (49.5%)                            0.005

   Extravesical               126 (44%)     62 (50.5%)                            0.006                                 52 (47.3%)   62 (50.5%)                            0.002

  No clinical N stage                                     0.168                                                                                    0.630                   

   Nx                         26 (9.2%)     16 (12.1%)                            0.041                                 11 (10%)     16 (12.1%)                            0.06

   Negative                   177 (62.9%)   66 (53.6%)                            \<0.001                               56 (51%)     66 (53.6%)                            \<0.001

   Positive                   78 (27.9%)    42 (34.3%)                            \<0.001                               43 (39%)     42 (34.3%)                            0.003

  Urinary diversion                                       0.025                                                                                    0.149                   

   Ileal conduit              154 (54.8%)   85 (69%)                              \<0.001                               69 (63%)     85 (69%)                              \<0.001

   Continent diversion\       104 (37%)     32 (27%)                              \<0.001                               28 (25%)     32 (27%)                              \<0.001
   (CC and ON)                                                                                                                                                             

   Other                      23 (8.6%)     6 (4%)                                                                      13 (12%)     6 (4%)                                
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Period A, patients who underwent a radical open cystectomy from January 1989 to March 2010; Period B, patients who underwent a radical open cystectomy from April 2010 until December 2013.

**Abbreviations:** CC, continent catheterizable; CDC, Clavien--Dindo classification; ECOG, Eastern Cooperative Oncology Group; ON, orthotopic neobladder; Nx, lymph nodes cannot be evaluated.

###### 

Intraperiodical analysis of Clavien-Dinado score to operative characteristics

  -------------------------------------------------------------
  Operative characteristics         1989--2010\   2010--2013\
                                    (*P*-value)   (*P*-value)
  --------------------------------- ------------- -------------
  Urinary diversion                               

   Ileal conduit vs neobladder      0.002         0.987

  Tumor stage                                     

   Organ confined vs extravesical   0.711         0.440

  ECOG                                            

   0--1 vs ≥2                       0.024         0.672

  Age, years                                      

   \<70 vs \>70                     0.008         0.539

  Sex                                             

   Male vs female                   0.801         0.268
  -------------------------------------------------------------

**Note:** *P*-values obtained using the Kruskal--Wallis test.

**Abbreviation:** ECOG, Eastern Cooperative Oncology Group.
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